Background: Education level is one of the strongest protective factors against high-risk behaviors such as cigarette smoking. Minorities' Diminished Returns (MDRs), however, suggest that the protective effects of education level tend to be weaker for racial and ethnic minority groups relative to non-Hispanic White people. Only two previous studies have shown that MDRs may also apply to lesbian, gay, and bisexual (LGB) individuals; however, these studies have focused on outcomes other than tobacco use. Aims: To compare LGB and non-LGB American adults for the effects of education level on cigarette-smoking status. Methods: Population Assessment of Tobacco and Health (PATH; 2013) entered 31,480 American adults who were either non-LGB (n = 29,303, 93.1%) or LGB (n = 2,177; 6.9%). The independent variable was education level. The dependent variable was current established cigarette smoking. Race, ethnicity, age, gender, poverty status, employment, and region were the covariates.
Background
Despite showing a downward trend in the US in recent years, cigarette smoking is still the leading cause of death and premature mortality in the United States [1] [2] [3] . Tobacco is responsible for the deaths of 480,000 Americans each year [4] . In addition, about 16 million Americans suffer tobacco-related chronic diseases [4] . Such morbidity and mortality costs the US society more than 300 billion dollars each year in direct and indirect costs [5] .
Tobacco burden, however, has a larger hit on socially marginalized groups [6] [7] [8] [9] [10] . With an uneven decline in tobacco burden over the past few years, tobacco use has shifted from a mainstream to a concentrated public health problem [11] . Tobacco is now a health challenge for the marginalized people defined by sexual orientation, race, ethnicity, and socioeconomic status (SES) [11] . A higher burden of
Sample and Sampling
The inclusion criteria in the PATH-Adult study was (1) civilian, (2) non-institutionalized, (3) U.S. population, and (4) 18 years of age and older. Sampling in the PATH study was a four-stage stratified area probability sample. The first stage was selection of a stratified sample (n = 156) of geographical primary sampling units (PSUs). These PSUs were either a county or a group of counties. The second stage sampled smaller geographical segments in each PSU. The third-stage sampled residential addresses, using the U.S. Postal Service Computerized Delivery Sequence Files. The fourth stage was the selection of one person from each sampled household.
Analytical Sample
The current analysis is limited to the adults who had valid data on sexual orientation and tobacco use. Our final analytical sample was 31,480 individuals.
Study Variables
All study variables were measured at an individual level. The independent variable was education level. The dependent variable was current established smoking status. Race, ethnicity, gender, age, poverty status, employment, and region were the covariates. Sexual orientation was the moderator.
Covariates. Demographic factors such as age, gender, race, ethnicity, and region were measured. Age was a continuous measure, ranging from 1 to 7: 1) "18 to 24 years old", 2) "25 to 34 years old", 3) "35 to 44 years old", 4) "45 to 54 years old", 5) "55 to 64 years old", 6) "65 to 74 years old", and 7) "75+ years old". Gender was a dichotomous variable (Male = 1, Female = 0). Race was self-identified and operationalized as a dichotomous variable: (Blacks = 1, Whites = 0). Ethnicity was also self-identified and operationalized as a dichotomous variable: (Hispanic = 1, Non-Hispanic = 0). Poverty status was dichotomous variable above 100% federal poverty line = 1, below 100% federal poverty line = 0.
Independent Variable. Education level was a six-level continuous variable as below: 1) Less than high school, 2) General Educational Development (GED), 3) High-school graduate, 4) Some college, 5) Bachelor's degree, and 6) Advanced degree. This variable was treated as a continuous measure.
Outcome. Our outcome was established current smoking (i.e. smoked 100 cigarettes and smokes currently).
Moderator. Sexual orientation was self-identified by asking the individuals to report their sexual orientation. This variable was operationalized as non-LGB = 0 and LGB = 1. One question was used to measure sexual orientation. Participants were then asked, "Do you think of yourself as: (1) "Lesbian or gay", (2) "Straight, that is not lesbian or gay", (3) "Bisexual", or (4) "Something else". If a participant selected "something else", then they were probed for more information. Based on the above responses, participants were recoded to LGB and non-LGB individuals [36, 37] .
Statistical Analysis
We analyzed the data using SPSS 23.0 (IBM Corporation, Armonk, NY, USA). We applied Taylor series linearization to re-estimate the variance of our variables using survey design variables such as weight, PSU, cluster, and strata. As a result of applying weight, the results are generalizable to the U.S. general population. For data analysis, first, we examined the distribution of our categorical and continuous variables. For univariate analysis, we used frequency tables. For continuous measures, we reported means and standard deviations (SDs). We then ruled out collinearity between independent variables and confounders such as education level, race, ethnicity, and poverty status. For bivariate analysis, we used the Pearson correlation test in the pooled sample and also by LGB status. For multivariable analysis, we applied binary logistic regression. We ran two logistic regression models: Model 1 only had the main effects. Model 2 also included an interaction term between education level and LGB status. We also ran two group specific models: Model 3 was performed in non-LGB people. Model 4 was performed in LGB people. We reported odds ratio (OR), 95% confidence interval (CI), and p values.
Ethics
All the participants provided written informed consent. The Institutional Review Board of the Westat approved the PATH study protocol.
Results

Descriptive Statistics
This study included 31,480 American adults who were either non-LGB (n = 29303, 93.1%) or LGB (n = 2177; 6.9%). Table 1 shows descriptive statistics of the overall sample as well as by sexual orientation. Table 2 shows bivariate correlations in the overall (pooled) sample and also based on LGB status. In the pooled sample, LGB status was positively correlated with race (Black), ethnicity (Hispanic), education level, and current smoking.
Bivariate Analysis
LGB status was negatively correlated with gender (male) and age. Current smoking staus was negatively correlated with educational level and living out of poverty status but not with full-time employment. Bivariate and inverse correlation between education level and current smoking was stronger in non-LGB (r = −0.21) than LGB (r = −0.09) individuals. LGB: Lesbian, Gay, and Bisexual; * p < 0.05 ** p < 0.01 (Pearson Correlation Test). Table 3 presents the summary of the results of two logistic regression models with education level as the independent variable (IV) and current smoking as the dependent variable (DV). Both models were estimated in the overall sample. Model 1 only entered the main effect of education level and covariates. Model 2, however, also added an interaction term between sexual minority status and education level.
Multivariable Models in the Pooled Sample
Based on Model 1, high education level was associated with lower odds of being a current smoker. Model 2 showed a statistically significant interaction between LGB status and education level on current smoking, suggesting that high education level has smaller protective effect on current smoking for LGB than non-LGB individuals. Table 4 presents the results of two stratified logistic regression models with education level as the independent variable and current smoking as the dependent variable. Model 3 and Model 4 were estimated in non-LGB and LGB people, respectively.
Multivariable Models in Lesbian, Gay, and Bisexual (LGB) and non-LGB individuals
Based on Model 3, high education level was associated with lower odds of current established smoking in non-LGB individuals. Model 4 also showed the same pattern for LGB individuals. The magnitude of the protection, however, was larger for non-LGB (OR = 0.69) than LGB (OR = 0.81) individuals. 
Discussion
High education level was associated with lower odds of current established smoking, however, LGB and non-LGB people differed in such protection. Our results suggest that high education levels may have a smaller protective effect against cigarette smoking for LGB than non-LGB individuals.
Built on our previous work showing that high SES racial and ethnic minority individuals remain at an increased risk of substance use compared to high SES Whites [33, 34, 38, 39] , we showed a high risk of tobacco use in highly educated LGB individuals. These patterns are similar to what is shown for a wide range of associations between SES indicators and health outcomes [30, 31] , however, most of the previous work on MDRs is for Blacks and Hispanics. The effects of education [40] , income [41] , employment [42] , and marital status [43] on obesity [44] , depression [45] , anxiety [43] , self-rated health [40] , and chronic disease [46] are all smaller for racial and ethnic minorities than Whites. In one study, education level better prevented against obesity in non-LGB than LGB people [35] . The current study is the first to document the MDRs of education level on tobacco use for the LGB community.
In a study of LGBs in Nebraska, 763 respondents reported their social determinants of health (SDOHs) as well as smoking status. The prevalence of current smoking was 26%. Some SDOHs were predictors of smoking status in this population. However, after controlling for known risk factors of smoking in a logistic regression model, the SDOH variables were not more related to smoking status [47] . Their finding can be attributed to the MDRs of SDOH, which is in line with our findings on the diminished returns of education, one of the strongest SDOHs.
There is a need to understand the structural and behavioral mechanisms that explain additional risk of tobacco use in highly educated socially marginalized individuals. Potential mechanisms may include stigmatization that generates stress and discrimination [35] . Predatory marketing practices that particularly target members of the minority groups may be one of the mechanisms that cause disparities in tobacco use [27] [28] [29] 48, 49] . We argue that such predatory practices may specifically generate MDRs, meaning that predatory marketing and advertising may cause disproportionately higher risk of tobacco use among high SES minority individuals. If that is the case, introducing more restrictive marketing policies that ban point-of-sale advertisement and flavoring may not only reduce overall smoking rates but may reduce inequalities based on marginalization status. This hypothesis, however, needs more research [27] .
Multiple studies inside [47] and outside the U.S. [50] have shown higher tobacco use in the LGB communities. High prevalence of tobacco use in LGBs is not limited to the U.S. and holds for several other countries. However, we still do not know whether LGB and non-LGB individuals outside the U.S. also differ in the returns of educational attainment. Currently, our findings are not yet transferable to other contexts such as Australia, Canada, and European countries. Most of the MDRs literature is limited to the U.S. context. There is a need for cross-national studies that can compare various settings for diminished returns of SES indicators across marginalized groups. The very same marginalizing identity may be differently penalized across settings. Such comparative data would determine if the MDRs are globally replicable or they are only relevant beyond the U.S. context. Such research will help deepen our understanding on the contribution of SDOHs as contributors to tobacco health disparities, globally and locally.
Diminished returns of educational attainment on smoking in LGBs might be due to high exposure or vulnerability of the LGB people to tobacco-related messages and advertisements [29] . We know that LGB people (particularly LGBT smokers) are more likely to be exposed to and interact with tobacco-related messages on social media than non-LGBT people [51] . In addition, LGB people may also have lower perceived harm associated with some tobacco products [52] .
LGBs are less likely to have health insurance, which may be needed for tobacco treatment counseling [53] . Some evidence also suggests that LGB people may have higher vulnerability to tobacco promotion advertisements [54] . Although LGBs and non-LGBs are similarly exposed to advertisements for quit lines, they are less likely to be aware of availability of quit lines [53, 55] . As a result, LGBs are five times less inclined to call quit lines for smoking [56] . Some of our strategies to prevent tobacco use may be less effective for LGB people [51] . All these studies suggest that the very same investment on prevention (if not tailored) may result in diminished returns for the LGB individuals [53, 55] .
Implications
Elimination of tobacco-related disparities is a strategic priority for the FDA. "Understanding why people become susceptible to using tobacco products" is a priority for the FDA. The results of this study may suggest some additional insight to one of the mechanisms by which marginalized groups remain at high risk of tobacco use. Our results suggest that public policies that can reduce tobacco-related disparities are not just those which reduce SES gaps but also those that address MDRs of education level. Setting more restrictive policies that tighten tobacco regulations is needed. Research has shown that such regulations are very acceptable to the U.S. public [57] . Thus, more restrictive policies are not seen by the U.S. public as a threat to their freedom and agency [57] . We already know that policies and regulations are more effective than individual-level interventions that overemphasize individual choices [57] .
There is a need for policies at a national and local levels that can reduce the existing inequalities and disparities in tobacco use between the marginalized and non-marginalized groups, and reducing MDRs of SES are among them [31, 33, 34, [39] [40] [41] 43, 44, 58, 59] . There is need to study how discounts, coupons, and flavoring increase the tobacco use of highly educated individuals who are a member of minority groups [33, 34] . It is also unknown how tobacco regulations and policies can be used to undo the MDRs of education level on tobacco use for highly educated individuals that are members of marginalized groups [33, 34, 38, 39] . We still do not know how marketing strategies disproportionately impact the LGB communities. To undo social disparities in tobacco use, there may be a need to ban predatory marketing that target marginalized people.
Limitations
This study had some methodological limitations. The cross-sectional design of our data does not allow causal inferences. Sample size was imbalanced in non-LGB and LGB groups. This issue, however, only impacts our stratified models not our pooled sample model with the interaction terms. Income, marital status, and area-level SES were missing. This study did not measure neighborhood characteristics, exposure to tobacco marketing, and density of tobacco retailers in the area. Despite these limitations, we believe this study still extends the existing tobacco disparities literature by education level and sexual minority status.
Some LGB-related factors such as sexual orientation and identity are significant contributors to tobacco use in the LGB community [60] . However, we could not control for such variables simply because those variables are irrelevant to non-LGB people. Future within-group research may explore LGB-related factors that reduce diminished returns of education for LGB people. As gender, sex, and sexual identity alter tobacco use, exposure, and response to tobacco advertisements, future research should explore how MDRs vary based on these social constructs. Given these complexities, future analyses may be stratified by these variables [50] . Another limitation was that we did not include trans-gender people who are at very high risk of smoking. For example, around a fifth of female-to-male transgender Australians smoke daily [61] . Future research should also include transgender people.
Conclusion
In the United States, education level better helps non-LGB than LGB individuals to stay healthy and avoid high-risk behaviors such as cigarette smoking. The result is additional risk of tobacco use in highly educated LGB people. Policy makers should not reduce the problem of tobacco disparities to the inequalities in SES as some mechanisms result in inequalities between marginalized and non-marginalized people in high SES levels.
